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r-determined not by a central monitor, but b/tnterattions among the 
conceptual entities (schemata) that i^kke yp the model. Intelligence is 
distributed in this model, Schemat^^ interact by previding activation 
resources, to each^ other, 

if * 

Instantiation is the special, process whereby a partial copy of a 
strongly activated schema is'^ created. In this copy,'the yarfables of 
the .schema are filled with part^icular values- Such ^opie^ jiiake up 
specific or episodic memory, /the schemata on which they are based 
comprise generic .or semantic memory . ^* _ 

/ ' • ' " > 

Many of the phenomena of/consciousness and of shor^- term -and long- 

'term memory jare expUine^d.on the basis of the activation processes of 
schema theory. Unactiyjl^ed schemata- are equivalent, to all the uncon- 
scious k'nowledge in a person's long-term memory. Sthemata that are 

. activated, but are' belqw the= threshold for Instantiation, /are 'in a 
preconscious or-^subconscipus- state. Those schemata that are' more fully 
activated, that are above the instantiation threshold, are the stuff of" 
conscious'.thought, and may 6e thought, of as roughTy equivalent tolthe' ^ 
contents of ^hort-term memory." ' * " > , - • ^ / 

Conscious cpgn/tive strategies are^treated as" "the activatipns of 
abstract presumptive .scliemat'a. rA '.t'reatisent of 'creativity is presented,^ 
.along with, the outlines of ^n appro3ch^,to indfyidual differenteslin . 
creativity*/ t|1e effects 'of orienting tasks are expla;ined in schfema ; . 
theory, an^ the relatioijshjp between orienting taskS' and self-direction , 
in com'ple/ lefarning vand. problem sol ving*1s discussed*. -'^ , * - 

Inference and depth of processing receijye relatefci^chema theory^ 
treatments' Both concepts^are treated 'in terms o^f ^e e)^tent\to which' 
actiya1n9^ spreads; to_includ_e^Telated. schemata. /in general, the more 
sch-^^ actiA^ate'd to the leVeT of instantiation by some datum; the more . 
^ f^jl^i (Processed that dattlm- +5^- -Inference is s^n as a kind of delayed * 
dffeper processing. ; >^ 

f ^ . ^ . " 

Types of insight phenomena from^eveVal contexts can also be treated'-- 
/in schema theory. Each type 'of insight jnyolVes the instantiation of 
one or md^'e nevi schemata that takVsdme prerex-i'stfng concept 3 n memory * 
'as a parameter. ^ ' ^ - , , 

\ p. ' ' ' . / I • . ' , - * ; : 

Thr^e dimensions for distinguishing or cotnpiEtring schemata are proposed>* 
function, abstrac^ness, .and scope* Tl|e. contrasts between multi-store 
models o| coonition and schema theory/are suinrtarized. ' / 
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A SCHEMA THEORY ACCOUNT OF-/ * • ^ * 
SOME COGNITIVE PROCESSES 
,.IN COMPLEX LEARNING . . 



• ' I.^ INTRODUCE OlJ . ... - • ' 

; . » 

In the qourse of -the recent evolution of -semantic network theories, 

a qualitative change in the nature of'these theorieshaS tak^n place. 
\ , . • ^ . • > 

Early models of sonantic memory (Quilliah, 1968; Anderson, 1972; Anderson 

** * • 

& Bower, 1972) were characterized -by. a completely structural approach.' 
Information in. memory was represented by, data structures." The processes • 
-that searched for.infoTmS^i-on, that added new data structures, that ^-J 
col^lpared data structures,, that were» in short, responsible for this repre- 
sentation of thought in such syst^, were completely disti-nct and differ- 
ent in natu»:e from the data structures. Friendly, 19-77, presents a . 
method for characterizing, the features of such structural representations'. 
In more recent models (Minsky, 1975; No/man, Rumelharf &"^NR, 1975;. 
Bobrow & Winograd, 1977),, the distinction^ between data arfd -processes 
have been blurred. From a computational viewpoint, data" structures in. 
these models can function as procedures (and vice' versa). In psycho- 
^logical terms, this means that memories can function as thought-processes. 
These. theories constitute a kind of, new demorvology. In i^hich one kind of 

validity test ^ possible thorough computer. si'mulations. In such simula- 

^ • '. ■ > , < ' • 

tions, the demons are ^modeled by procedures tliat also have data- 
characteristics. / Models. that can be so 'described are procedural semantics 
models. ' ' 

' ^ Many telliag objections to particulai^'proce.dural semariXics models 
language processing, and' thought 'have been made. Weisenbaum 0976) and '-'- 
Ores her & Hornstein (1977) ^lave grgued convincingly that "the^ models in 
'extant are too concerned with" the structure and applicatton-of knowledge 



in the mature 'mirid. ♦Insufficient attention has 'be^ep^;4i^id to the attri- 
'•butes of human intelligence that control the acquisition. of this know- 
.ledge. Dreyfus (1972) .has argued that .artificial intielligence has largely 
ignored the parallel processing aspects of human cognition. Hayes-Roth^ 
& Hayes -Roth (1977) show that the conceptual entities that' reprgsent words 
(as opposed to more abstract semantic "primitives" or "features") have a 
itiore important status in memory than they are granted in many current 
models. As of yet, however, no convincing criticisms 'Of the cTciim that 
conceptual units have a' dual nature— data and processes-- havej)een made.^ 
It is this claim ^that is the core of the procedural semantics approach to 
cognition. • ' • 

Wie procedural semantics viewpoint is still M*ncomplete,''and, as a 
r^^uU,^ opportunities exist'"to remedy the deficiencies that have been 
pointed out. Rumelhart^Si Norman (in press) have sketched a procedu?j|al 
semantics approach, to the acquisition of generic information. A. more 
Retailed version, of their theory could answer some of the objections made 
by Weisenbaum (1976) and by.D're^n-er & Hornstein* (1977). Fiskel & Bower 
(1976) pre§ent a formalism for a semantic netwo^k composed of finite 
automata. 'Tliis is one pfya number of possible mean's pf modeling the 
parallelism Dreyfus (1972) poirjted 6ut as an essential part of cognition. 
Rigney & MilTiro (1977) ^present a schema theory model of human text pro- ' 
^c6ssing in.whrch words are 'presumed to be ^represented explicitly by their 
own .special data/process* entities in memory. Althofllh their theory also 
provifl^s for the existence of "many non-lBxical conceptual entities, the* 
effects due to their lexical-level units can account for the results 
.reported by Hayes-Roth Hayes-Roth (1977). 

The preseirt paper represents* an attempt to farther extend the explan- 
atory scope^of procedural semantics theories to a wider range of cognitive 



processes.' '-An account -is gfiveji in terms of such a theory for the eon- 
• structs '6f senianfic and eptsodio memory*, consciousness/ Teyels of.pro- 
^cessingr. and sqme' ."insight" phenomena. We 'view JMs- account as. an ' 

exploratory, even speculative, attempt 4:0 extract* the maximum4)Qssible ^ 
'explanatory pokier from the theory. ^We hope -that it will stimulate 

further thinking abo\it th^ possible applications of thi? theory and that * 

it will encourage the development qf more 'formal procedural accounts of - 

.* . . • • ^ . 

psychological phenohtena. . T , . ' . 

The procedural sen/antics model we tSresent Here is a lineal descehdent ' 

fif that presented in Norman, Rumelhart, & LNR (1975). The LNR- model was 

implemented vp a computer simulation caj^lejd MEMODr The current model has 

not been so implemented, bi^t -the data/process structures (hereafter referred 

to 9§ schemata ) have been written /In a format compatible with, advanced 

MEMOD data-bases^ (The fortnat makes use of a predicate'calcjulus-type ■ 

exposition, which mak^s procedure-parameter relationships— scope 

relationships—explicit). Given appropriate supporting procedures, the' 

schemata discussed below could be expected to function in MEMOD.' 

« 

Assumptions of the model * ( ' ' 

Some features of t)\e present schema-tmeory are different, at least- 
in emphasis, from those, described in^Norman, J^umelhart,' & LNR (1975}* 
One such feature is that of distributed intelligence (discussed in 
Gentner, in press). The activities of schemata and their int^actiorvs 
.account for all cognitive processing, making it unnecessary to postulate 
some higher level executive function to coordinate this- processing'.' The 

* i 

interactions of schemata occur simultaneously, as parallel processing, 
in a population of interrelated schemata. These interactions result -In 
interactive datavJ^rivWand conceptually-driven processing (Palmer, ia7*5). ' 



intelligence i$ distributed ifi the sense that intellectual processing is /' ,. 
riot the responsibility of a single general -purpose devfce; rather,, it 
is-simp.ly the sum of all the activated. sct)emata;at the time in question.- 
Goldstein' and Papert (1.977) express a similar point of view: "..".'intelligence 
is bdsed on th^abitijty to use large amolints.Qf diverse kitlds of know!- - 
edge ,in .procedural w^iys-, rather than on the possession .of a f^w general 
and uniform principles." , * . ' / 

Another feature of the current modeVis mutual activation: Following.* 
Levin (19/6), one of the most important aspects^ of a schema^ is. its ability 
to-activate other schemata. Each schema is limi.ted in the extent to which 
it can provide. abtivation'to other ^schemata. If>a schema receiver 'only - 

. a small amount of activation from other scbemtfta, its own, ability to pas.s 
on activation will be further limitet*. When an -activation parses a 
threshold (caljed the instanti^ition tjireshold) Vit becojnes instantiated . 

. What this means- is. that a co'pj^ of the schema* (which is a concept in ' . 

.generic or semantic memory) is created. This -c'copy"M*s not an exac^ 
duplicate, but contains* informatipn about specifics whtgh are represented 
only jas prototypes or sel^ctional restrictions (Chomsky, 1965)' in the' 
generic schema, /These "epples", or instantiated/schemata constitute ^ 
episodic memor^'. activated Schema that is not- instantiated wjll 
eventually fade'^to a background l^el of activation,- and' no* direct 

( ^ ' ^ s . 

ev^idence of 'its activatfon will remain. These processes are. more fully 
disciissed below in^ Jthe sections on semantic and- episod(ic memory and on ^ 



consciousness and schemata , ' . • 

r — ^- • .r f . 

- The relation 'oFHMs work to a general theory of complex learning. 

* The diagram in Figure 1 outlines variables that seem to us to be ^ 
among the important considerations, for, ujiderstanding more abput complex 
'human learning. Most, but not all of the phenomena that we will attempt 'to 
explain in terms of schema theory are identified $s memory processes in 



EMC ?/:th6 figure. 
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Figured. Conditions'and Processes of CompW^ Human Learning 



According to. the view expressed in this diagram, Kuitian leaming^ 
is^an elalioration of '^mofce .primitive biological mechan.isms for Adapting 
to;change, and retains-many of the features to 'be expected of such. ^ 
mechanisms.. Lea'rning ddyen by initiating requirements that are 
fomijulated as orienting tasks*, either implicitly or explicitl^^ .* . • ^ 
Orienting tasks can originate with an instructor or with a*n instructional 
system jr with' the learnjer. Orientfng-lasks <onta*in instructions and 
goals.. These drive 'cognitive .processing during learnirfg anfi utilization 
fepisodes, which tend to be intermingled, at least outside of formal ped- 
agogtcal environments. It is likely that util izalioh HDf knowledge also 
results in some , additional modification of knowledge representations in ^ 
memory. .Conversely, learning new knowledge occurs only in the context 
of-existing knowledge. •Learning and ^^utiliz^tion ejjisodss may last , foe • ' 
a few. minutes 'Or for years. In the laboratory, they t6nd to be limited - , 
'to a few minutes. 'Ou-tside the labowtory, learning and utiliz^ition of - . ' 
knovyledge goes on tjiroughdut Ltfe; there is a time-shAred processing^f ^ 
the many demamis for the jdiflferent kinds of^ebntenf that aU of us -a^re 



required to learn and 0$e just ^to survive^ or^that wp $et piirsejyes to ^ " > 
learn out'of curios4ty or In'fiope of surviv-irig in particularly favor^ed. , 

•ways* L§ana^ng ,a,nd utilization processes aije bOrh conceptually-driven- 

' * ^ ^ ^^^^ * ■ • * ^ \ ^ • * ^ ' ^ ' * 

(from fhe't;op';tHJwn) and cl^ta::$friven (from the bottom up). ^ ^- ' * . / . 

'In our viewVthe .concept represented by.^ schema may^b^Lai n any ofie * 

of three, states: conscious", Subconscious, or unconscious; lit the dia- - * 

grsjm, .almost all the cognitive processes* included*^ in tlje box Tabeltd 

"memory processes" ordinarily functiop only at the^ pre-consci ous or 

' ' / . \ ^ . ' '* • < .-a 

•subconscious level. (Some problem-solving processes have.^conscioqs 

components.)- Cognitive processes- that afS- available to-thje learner ^ * . 

for conscious. use and that are designed to enhance or facilitate 



acquisition,' r^ent)on, and'retrieval can be called cognitive strategies , 
Cognitive stratejgies are represented in schema-theory by very high level 
schemata. In, the terminology of Norman 'and Rumelhart (in press),, such 
scheni9ta«»re . not -ordinarily highly "tuned.*" S'inqe they are general r 
^ purpose, they- "fit" no one situation or context perfectly. Their activa- 
^tions are therefore not simple and automatic*, as highly tuned schemata 
are. ' Components or subschemata of the strategy schema must undergo a 
good deal of top down activation, which performs a sort of checking 
function. ^ (he person experiencing an activation of suth a strategy* 
schema, fs therefore usually aware of the relfv^nt compphents of the- 
.schema, and the applicatio#of the strategy \% ^ conscious process/ 
This viewpoint is further discussed below in the section on Consciousness. 




II. SCHEMA -THEORY EXPLANATIONS ^ ' 
OF CfiGHITIVE' PROCESSES 

/ . Semantic-. and Episodic Memory ' ^ 

The distinction between 'semantic and episodic memory in schema . 

theory at firsf appears to-^e quite* a simple and natural one. Semantic 

memory consists simply of sche'mata— concepts which represent what one 

knows about general types of objects or actions or relationships in • 

the world. Episodic memory is simply the collection of .all the instan- > 

tiated "copies" of scheinata, with concepts which stand for particular 

entities filling the argumeat^slgts of the schemata as parameteirs/ 

This'is a good'and useful characterization of two types of memories 

in 'a^schema-system for representing stored knowledge. There are, however, 

some potential prqblerhs with the use of the terms "semantic" and "eprisodic 

•The use of the term "semantic" connotes knowledge which is basically 

lexical 'in nature. "Semantics" is, in large pant, the study of the 

relationships between symbols and what those symbols refer to. The' term 

"episodic", on the other hand, connotes particular events , to the exclus- 

ion of other types of parti culaip- concepts, such as particular individuals. 

Both of .these terms are too, limited in'their connotation^.- 

In a schemaTtheory representaition. of knowledge about types\ schema>ta 

should probably not be thought of as being nearly so closely bo'und to 

particular lexical itenfs as'was coiranon in early formulations (such as 
^ ' - - ■ «• ^ ^ . ^ 

Rumel'hart, Lindsay, \& Norman, 1972)^ Of course,' there must be s.chemata 
t . ^ ' ^ . ^ ^, . 

associated with particular lexical Items; we could call these "lexical- ^ 
level content-schemata'^: (Rigney & Munro, 1977, present a partial 
functional typology of schemata,) In several recent jworks which are 
either primarily theoretical papers within the schem4-|theory model Or 
^ which report experimental results which can be interpreted as having 
implications for ^his model,. a very large rififtnber of essentially 

' -8. • 14 - • - 



non-lexical schemata seem to bfe callfecf for. One type qf non-lexical 
Schema is that which is much hi«gher-level or* more abstr&qt .than . 
lexical schemata.' Examples^'Of thi§ type include s,tory- or 6pisode-/ 
' schemata (Rumelhart 1975;VRumelhaft, in press), 's'ociatl -situation- 
schemata (Schank & Abel son, '1'975) , and speech act and conversational * * 

i • . 

* schemata (Muoro, 1977; Levin* & Moore, 1977). All o^these schemata 
are designed to account for some of the fact? about how people's knowl- 
edge'abput recurring typgs of situations guides their understanding* 
(and sometimes their actions) in those situations*. ' * . ' 

A different kind of "non-lexical" schema which seems to be'^^' 
called for in' a putiitivejy complete^or atcura'^e account of human knowl- 
edge i's one that captures the fact that people's knowledge about types 
is dften more detailed than can be conveniently expressed in^ terms of,- 
their -lexicons. For example, it is perfectly natural to talk about. ^ 
"red hair", "red carpet",- and "red eyes^', and tq mean something very . 

' different by each use of '-red". Yet. each of these- uses' of "red" should 
have a reasonably consistent and distit^ct meaning, at least for individ- 
uaTsubjects (Halff, Ortony, & Anderson, 1976). This suggests that we 
may npj ^ant to model peoples* concepts for -red monolithically, but 

rather to include in our model one concept for the 'red that cap; be the . 

^ *» * , 

color of a "^person's hair, another concept or schema fot^. the red that 
can be the color of dried blood., and so' on. Other recent work suggests 
that the problem of polyseniy may" be more ubiquitous than semantic 
memory theoHsts^orTg^nally thought (Anderson & Ortony, 1975; Anderson 
' Pichert, Goetz, §chal1er*t, Stevens^&^Trollfp, 1976); 

The p^nt be"hi'nd this discussion of non-lexical -semantic memory 
is that it is possible that the term "senianticjnemory" may be too- 
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restrictive in its conno^tations to continue to apply to 
tation of - types in a schema-theory approach to conce 
As a replacement, considernhe hopefully more neutral t 

.memory/' (Rumelhart & Ortony, in press, refer tp.schem 

* ' * ' ' ^ ' ' ' 'I 

which represent, ger>eric > knowledge ) ; A ^generic .conceptji 

f^t a variety of situations or objecjs; it has partia]/ly 

parameters. In other words, it is a schema. 

What .of "episodic memory?" ^Instantiations of g^neri 

are the stuff of episodic, memory. The term "episodic" se^ 

arly appropriate when the instantiated schema is one wh]'ch represaiifl 

some activity or episode. When the 'instantiated jschem^ /has^ a more 

' ' ' ' ' '///'"* 

nominal qua! ity, 'however, the term seems less appropr/iate. /Fdr example, 

iTyou hear someone say "A dog bit, me yesterday," yoii/ would, presumably . 

acquire .a new ins^tantiation of your DOG schema as ^a^rt of the process^ 

of understanding the sentence. Yet -it seems odd,/1f/b say the least, to 

speak of your nfew concept of this particular dog /as an "episode". 

A natural replacement, for iJfe term "episodi/c" is suggested by the 

r 

antonym' Of "generic", namely, "specific". Let lioncepts' of particular 
individuals, particular actions, ancf particular relationships be 

-referred to-as "specific' concepts". The instalntiation of a generic' 

' * - ' ' ' / , 

concept IS a-specific concept. ' ' . ' ' 

■ 7 ^ 7 . • , 

It shourd be 'recognized that, while the i/se of the terms '.'generic" 
and "specific" may. constitute an imprt^ement over; the less precise terms 
"semantic" and "episodic", ft* does not hi na to resolvfiKseveral substan- 



tive issues concerning the relationship of generic and specific coricepts. 

T • .j - 

For example, there probably^ shou'lii not be an. absolute distinction be- 
tween gefteric arid specific concepts. Jhe prifnary distinction between. 

* ' * ' / ' ' 

a generic. and a specifi(9 concept is that' the first has variabUs,- while 
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the/ §ebond .has filled parameters {tjhat t$, other; specific concepts • 



true- in a strict sen$e, however. 



as /argiiments| , Tlii a' i s. not alWays 
Fojr example^', spmey'^si^eciflc" conce|)ts may actufiUy iiave default 



ye^lues for 4very parameter— information which is pant of the corres- 
ponding .generic concepts. And some "generic" concepts may, in fact, 
be extremely' speci fid ;in nature. If I believe, for example, 'that. 
"John-^^egrine ride? His tricyclB laround our block every morning at 
^7:30", then thi^ information shoui,d probably be represented in generic 
jform, as a schema. B'ut what ar^ the. variables in such a scheaj^.? S 
Almost^eyery Important peirameter is already specified in the generic 
representatlop^ Only a few details about manner and the particular . 
d$te need toy^be filled in to create a specific version of this generic . 
scliema. (Another, inadequately; 'explored relationship' between generic 
and specific concefi(ts is the prbcess^ by which insight into the simil- * 
arities among\a numWr^of specific schemata'results in -the creation of 
a new generic schema, ffumelhart & Norman (in press) sketch some aspects 
of this process, which they^-^c&ll restructuring). Fuzzy edges aside, -we 
believp' tha't tbe notions of generic and^specific concepts are important, 
and that 'the terms "generic memory" and-"sR^cif ic memory^' ace more 
precise than the traditional "semantic memory" and "episodic memory". 



Consciousness 



Schemata, in the mutual activation model, can be thought of as 
always beitig in one of three states. They are either (1) qui^scgnt, 
receiving no activatiorf from any other schema and giving no activation 
to any. other (probably the normal state for^the vast majority of-a^ 
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person's schemata at any single instant); or (2*) activa:tecl to- the 
'level of instantiation, receiving sufficient activation from other 

schemata that tthey can become instantiated,, so that their copies 

. become part of the 'persor)*s vast store of specifie memor^ies; or .(3) 

activated' but not instantiated. Those schematia which are in the lattj 

* <? , • 

state may later receive enough activation to becdme instantiated, qj( 
^ • ' ' * 

' the^'^'lnay subside' in thetr level of activation; in which case thejr^ - 

^ill be no long-term memory for, the particular instance of the/concept 

^ represented by the schema in question.' Lortg-term meirjory tr/ces for 

specific- concepts are .the "copies" of the corresponding generic concepts 

*that were made when instantiations took place. When A/generic concept 

^ ^ ' V ^ ^ : / 

does not receive enoagh activation to become instantiated, nq specific 

copy is made, and there is therefore no memory (a/ well ,as no under- 

standing) in terms ^.f that generic concept. 

The Identifications of ^eu^arious* state^s.of consciousness 'in such 

' ' ' / - ^ ' 

a model are probably fairly obvious. All xhose schemata which are 

activated to ,the point that they are being instantiated constitute the 

contents of consciousness . Jhose schemata which are* activated but^not 

instar^iaj^ed constitute the cpntents^of the subconscious or preconsclous 



at a givers moment. 



All those schqiTiata which are not activated constitute 



our -unconscious^ knowledge at a g^ven moment. 

■ " This sort, of cognitive" account of states of consciousness has more 
appeal Jhan sonie others whidyccKuld' be constructed.^ in a tognitive model 
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If the schema-theory Presented Jiere made cTaims to beiag a physiological 
; model, we would say/that schemata in this "quiescent" state were actually 
-functioning at a' backgrpuiid/lev.el of activation, By analogy to the background / ' 
' " firing^ rate of fieurons. /However, schema-theory is intended as a model of \ ! 
cognitive function rather than of neurological function. .Although we believe v, 
that at some dme in th6 future- there will be a comprehensive model that 
accommodates v/haVis known about ^both cognitive and neurophysiologicaT func- 
tion (and tha^t such 'a J;heory may have much in common with that pr^esented het^e), 
*; we restrict ourselves/npW to cognition. Hence,- we "say that schemata can be 
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in which. intelligence is not^ distributed (in a "mpmory components" 
system with boxes labele'd "STM", '*LTM"^ etc., for example), one might 
want tb account for the subconscious by including in one's 'diagram a 
box Ubeled "Subconscious"^ In thevdistributed Intelligence system^ ■ 
with mutually activating schemata, there is no need tb postulate such 
a specia]'new component. Instead, we can simply identify a portion of.' 
•the' processing already called' for by the theoryas "siibcdnscious 
thought." Figure 2 "contrasts these two ways o'f representing the sub- ^ 
conscious and the* unconscious. 

This treatment of "levels of consciousness'^seems to account for^ 
the basic differences between the conscious, subconscious, and uncon- 
scious.mind in Freu<f*s theory. However, it does not deal with a number 
of 'issues of great concern to him^, such as repressed memories. Me leave 
that task to some.ev^en more^enthuslastic partisan of mutually-activating 
schemata. Whether this aj^^roach has anything to do with another type of 
"unconsciousness" deserv^es further consideration, The type of uncon- 
sciousness we. refer to is that associated with thej execution of well- ' 

>earned motor skills. These kirids of "unconscious" f>hysical activities 

' 2 
can bfe "accounted for in schema-theory terms. 

Gonsider'^the case of "unconscious" automobile driving. Most experi 

enced drivers have become aware, at' one time or another, that they have 

/just drjven sqme^ number of miles on a familiar route, and yet remember 

nothing of what they have just done.; They say they .were not aware of 



The 'class of unconscious physical activities that can be accounted 
^or in schema-theory terms is limited to those which must be 
, ^ ^ learrjed, Innate attiv^ties, such as breathing, are not activities 
' we wouT(c(Vboose to represent .with schemata. However, some very 
autorfia^ic activities, such aj^ the movejiients made in walking, are, 
in part, coT^sciousls4learnecf^and should therefore be representable 
.in schema-theory, terms. , . / ' 



their driving, Sinpe the schemata responsible for. this (driving did 
hot intrude^upon. consciousness, the theory just 'out! ihed should require 
us to say that those. sthemata were activated but not instantiated. But 
why should they not have been i nstantiat ed? We are used to schemata not 
being instantiated because they canhot ,find ^confirmation in the data of^ 
the context; purely ther^ -is" enough tottom-up flow in normal driving 
contexts that this Should not- be a. problem- Perhaps a reasonable expla- 
nation for the -inadequate (for instantiation) activation of the driving 
schemata has |o^o with Iresource limitati'ot)s. There -is only so much 
activation' few the tqtal system, and a great 'deal of activation has been 
allocated toMlier schemata. Thus,, when one becomes aware that one has 
no meniories^'f having ^driven the last 15 miles, ^that does not mean that 
one' has nq, liiemories.of the last 15 minutes. On the contrary, one is often 
aware of having had h particularly stimulating conversation or train of 
thought, many of the details of .which are easily remembered. Our driving 
can becdkne subconscious when uni^latad schemata-^hav-e .absorbed most bf^the 
total activation resources of the system.' 

This explanation fails to account for the observation that only very 
well-tuned motor schemata seem to garry out their functions in reduced- 
activatio^ situations. Another way of viewing f hi s>^phenomenon from the 
sc^iema-theory viewpoint is. to sjiy,,as,was suggesteii in the Introduction , 
that- the hi^est-level schema that cao account for the data actually was 
instantiated, but that none of its component subschemata were. The ' 
relevant highest-level schema in the "automatic driving" example. just^ a 
given would not be some gefneralized Driving Schema, but, rather, a very / 
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, Figure' 2A. 'Consciousness in a ^'Memory Components" Model of Cpgnitibn 
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figure 2B. Consciousne^ In a "Mutually Activating Schemsita'' Model of Cognition 
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detailed schema for driving a particular route*.' An example' of such a • 
schenfa could be a "Route-to-the4University-.from-my-house" 'schema. SucK 
explicit generic schemata have beeij proposed ^elsewhere (Munro, 1977). 

When such* a schema is acti_vated by "the driver's knowledge that he or* she 

' » • ' ' • # , 

is on the^same old route again, activation resources can be conserved. if 

the schiafia does not supply activation for its cdmppne^nts. It can accept, - 

act-fva^tion from ''these components, but sVlortg as each component ma^es ^ 

. ■ - • / t. ' . ^ 

•^tr expected contribution" to its "parent," * there is no need for the parent 

'* • • » * . 

to drive activations of thef, subschema ta.- In effect,, the highpst-level • ' 

' ' ^ - ^ ^ 

schema can afford to suspend its top-doi^ process irtg, because it doesn't 

need to check for the presence' df- components— the components have already 

made their presence k-nown. The absence of tfiis ^top-doWn activation, to the 

subschemata may-often be enough to keep the activations of these conceptual 

units below the activation threshold.. As a.Vesul't', the driver ends thie 

•trip with no specific memories for any of the details or stages; there ^ 
[jave been no instantiations of the subschemata of the "Rou-te-to-the-University" ' 
sehema. This does not mean that the driver will not know that he has been 

^engaged in "driving to the University," for example. The highest level schema- 
may be instantiated, in^hicli ca^se the driver of*'the car knows what route \ 
he is do, buj not, at first, where he is on it* ^ , % 

The basic mechanisms for the activatioa and instantiation of schemata— 
mechanisms that are required to represent £he processes, of urftferstanding,^ 
learning, and remembering— can also account for the phenomena of ^conscious- ^ 
ness. W6 believt that this" economy of theoretical primitives constitutes , 
an argument in favor of schema theory in contrast to tffe "cognitive 
component" models prevalent in cognitive' psychology. ; - 



V . * V Cognitive Stratetgies 

Vlhen' people say that Sojnepne is applying a cojgnitive strategy, * 
they seem to mean that he or she has made a conscious 'decision to 
allQcate processing resources to one kind of. cognitive process rather 
than to*another» (See Rigney, jn press, for a detailed t^ejatment 0/ ^ 
the' possible varieties of cogifitive strategies). From the perspective 
of a distributed intelligence theory, .such a^ tfie schema-theory outlined 
in earlier actions, this meaning af "cQ'grfitiye strategie^s" doesn't 
seem to make ntuch sense. That'which is consoi'ousM's simply tho^e schemata 
which arecurrentiy being instantiated. Jt^is always true, in the .theory, 
that currently activated Cl)ncepts (and particularly the highly activated 
concepis that are being instantiated) play a large role in the determin- 
ation of which schemata w1lT next receive' activation resources.,; This - * 
natural flow of activation doesn't seem -to capture the notion of<Qttfif# 
scious^control over' attention that most of ik believe in. We fcfel that 
we' are e^le to make decisions to "pay attention" to something and ignore 
t)ther^ things tfi^t could compete fcKf attention. 

One way to treat this would be to say that we have a number of t5ig. 



complicated schemata,. whtfs'e fynct ion it is* to direct the allocation of '" 

proces^ind^ restiurqes in particular situations. ^ ' In the tefrniyjology of 

Rigney these schemata are prescriptions . When we are conscious 

•of .their e/fects (th^t is, when they are actiVafea^CF' the poin;t of ^ . , ^ ' 

instantiation)', we may say tfiat we are "stating rules to ourselves" 

^that apply in. this* particular situation; Here -is an example.- Suppose 

that a computer programmer named Rred is writing a program on the 

PLATO IV computer system in the TUTOR language. Fred needs to* set a *' ' ^ " 

* * ' ' * * ^ " * %i 

•variable €qual to some value, but has forgotten^^the name of the (function ' 

that- does .this. He "dec-ides" that he^<i^l try to find the name' of the^ 
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function by consulting the on-line miDR manual , "aids". Ther^ he 
will look at a table that lists all the TUTOR commands, and. see 
whe1;^er one of them "Hngs* a bell". ' In schema-theory terms, how can 
we explain his conscious. decision to adopt this strategy? Offejexpla- . 
nation that seems puite natural requires that we posit the existence 
a schema 'which is activated when people don't know the meaning-; of 

f> a term and need to knew the meanTng. of that term. Thi-s Is a special- - 
.jDurppsexSchema, first aCqiiired when- they originally learned about dic- 
•tionaries and'^glossaries. This is a high-level, compTex schemas^which 

' is Sictivated when jtwo at its subschemata (the Don't-Know- and the N^ed-- 

To-Knovj-Schemata) are activated. The bulk of. the schema is a sequence 
• of instructions on what. td do in the .various circumstances. (E.g.., 
"Is the meaning of the teifm part of ordinary English usage? If so', 
'^^look for a synonym or explanation in the dictionary." - Or, "is the term 
part of/some small set of technical' tenhs? .If- so, is there "a list of 

. ^su^h terms which 'could be scanned in a reasonable length of time to 

search for the-term?,") The particular attributes of the context one is 

in at the time (the fact that one is using the TUTOR 'language, for 

example) j'.nteradt with this general schema/ filling in the loosely 

defined parameters of the Look-Up-Schetna (such^as '.'a list of sUcH terms") 

with particular values '{such' as "the list of TUTOR commands in 'aids'"). 

If Fred, the PL/\TO programmer, is very accustomed toX^poking up 
'\ ^ ■ J' 

parti cularCTUTOR 'commands in" "aids", he may even have a special Look- 

Up-TUTOR-Command.-Schema which is activated in these situations and ' 

directs his processing for awhile. 

In a schema system', "conscious" allocation of processing resources , 

is simply accounted for by the prior existence of schemata which direct 

people's information processing activities. When one of these sch^matat 

25 
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which are essentially prescriptive^/in nature, is activated, one %^as 

' , * » , *** 

th"e impression of "directing oneself" to'manage one's attention in . ^ ... 
particular ways." -The ^example just given involves some fairly ^vert 
•behaviors^ but xould equally well be applied to more purely mental ^ 
acttvities aj welK This would me/in. positing the existence o? special, y 
.schemata for such inforfnation prdcessirjg activiti« eft scanning a text 
in search of a particular, term, trying -to rawll- the- cq^^ w%h:. • 
one first learned a concept tn order to r^emember mor^detajls.of • the ' f ^ 
concept, and'so on. 'In some, rfspects this approach is.^'milar t^ th'e ,^ 
''homunculus* of a powerftil tentraV processor^nonitof , but it does 
involve much less powerful' homunculi, each of ^whf^h f?9fe^ only ^one special 
function and is^activated in only one- sJ^e^aV kind of content. . ' . . 



Creativity and conscious contrdK . \J ^ > / 

A potential problem for the dfstributed intelligence sj^stem^ij^ 
raised by the nature of creativity/ in a schemajmodel . Man^^ students. of «^ 



creativity have claimed that there^^^s^n imp^tant;:^ifference be^een ^ 
more artjd less creativ.e people / (Guilford, 1568; Delias &, G'^1ej>|970)/ ^ w . y-^ 
They treat this' difference a^niS of 'cognitive*st;yle: . mor/creati\fe, ^ 
people;e^'gage in diy;^,gent thinkjng ; less creative pec^ji^ypical ly ^ t?, 



apprroaqh prOblems.'wnth convergenj:^ thi nJci ng^ In schema-theory^rjns, . * 
it SEem^ us/ful^t^ divergent thtnkin'Xas .the- dis.tribution of , 



4ctiv^t>on reSpui^s*to a l^ge number^of largety unrelated scl^mata;.^^ 
aoy on^ of^wrmh (ioes^n«t seem td have'^.a*part%*^larly. good a pyi< 
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chance OyT providing'' the solution- Convergent tlw|W;^ng in schema ythebry- / 
involves'putt-flng almost all aci4 vat ion Resources ifffe one 'schenfa J peif«^- 

t^e^bne^dt ^enj^to have the teat a priori chirjce of providing . 
the solution to the current problein: (One couU think', o? the "difference 
s a breadth-first apprpachs versus* a depth-first approach to schema 

'activations^ . ' . 
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This explanation of the difference in schema-theory between 
convergent and divergent thinking does not" explain,, however, why 
some individuals should appear. to consistently follow one mode, and . 
V others another. "^One approach to explaining this would be to claim 
that the divergent or- creative thinkers ^have a special problem-solving 
schema' that "searches for" the maximum number oft pot^nttally appli-Cjable 
schemata for the current- problem-sol ving situation, and then distributes 
the activation resources available m6re or less evenly among thoj:^-^ 
schemata. Convergent thinkers could 1±en be characterized as having 
a problem-solving schema that "searches fpS^" the "best!^ or most-likely- 
looking scheftia and then concentrates all or most of its activation re- • 
sources to that schema. The only problem with this approach is that . 
these schemata seem unusueilly powerful, and* complex. They are more like- 
homunculi than simple-minded demons. An ordinary scheAia has a structure 
that specifies precisely which other schemata .ca^n be activated 'by it. 
There is something disquieting about schemata with unspecified sub- 
schemata; their functioning is ,not explicable with 'the mechanisms of 
*-^hema theory as ttiey are currently -formulated, and they seem to be * 
capable*of ,far too much, . . , . / ' 

These problems seem to call for further developments either in 
our understanding of attentional phenomena associated with ^creativity 

or in the ^formulation of schema-theory presented here, 

/ ' ■ ' 
* ' Despite the problems' inherent in-the requirement that a schema- v 

theory^account for differences 'in problem-solving behavior through 

the. mechanism of very pow^Kul , .individualized "problem-solving 

, schemata", there, are some |ispect$ of the Introspective evidence on 

creativity that are well-treated, in a schema-theory approach^. 
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For example,- many creative people (Mozart and Tchaikovsky have been 
cited as examples) have claimed that entire solutions' to very complex 
problems may spring into their consciousnesses in a relatively complete 
state. (Mozart ts said to have been able to envision an entire new 
musical piece at once, almost "complete and finished".) The schema-' 
theory solution for the cognitive style of creative people a^ccounts for 
these repots. Because the creative person*s general problem-solving 
schema distributes activation among a large number of processing schemata, ^ 
none of them may be activated sufficiently^-e* become instantiated until 
one of them "fits/ the da?a^of the problem so well that the "bottom- 
up" activation .of the schema is almost enough by itself to instantiate' 
the schema. Fitting the data so well means that every aspect of the 
problem will have a place in the solut^ion to the problem provided by 
the instantiated schema. - This is what accounts for the "full-blown" 
nature of the solutions to problems that some creative people report 
"popping into" their consciousnesses. . / 

One consequence to the approach to creativity—and to' cognitive 
strategies in ge'neral --suggested here is that a large number -of special 
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schemata for attacking problems mus-t be posited. This is not necessarily 
'a bad feature of the schema-theory approach to probVem-solving. Pro- 
fessionSr problem-solving teachers have suggested that effective problem- 
sol vers *niay have a "library" of problem-solving "routines" that 'they 
can consult to try to come up with something useful for ^particular ; 
situations. In Strategy tlo^ebook (discussed in Adams, 1974) a group 
called Interaction Associates dfscbsses such a group of routines, • 
whtch they believe a good problem-solver should posses.s. Here is. their- 
li^t.. . . 
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Build up 


Display 


Simulate • 


.Eliminate ^ 


Organize 


Test 


Work Forward 


List 


Play . 


Work Backward 


Check \ 


Manipulate 


Associate 


Diagram 


Copy 


Classify 


Chart 


Interpret 


Maeneralize 


Verbalize . 


Transform 


Exemplify 


Visualize 


, Translate 


Compare • 


Memorize 


. Expand 


•Re>ate^ 


-Recall 


Reduce . 


: Commit 


* 'Record 


Exaggerate 


Defer ' 


- Retrieve 


^ Understate 


Leap In 


Sear<:|i 


Adapts 


Hold Back 


Select 


, Substitute 


. Focus 


Plan 


Combine 


Release 


Predict 


'Separate . 


- Force 


Assume 


< Change 


Relax 


• Question 


Vary 


: \r^am • 


* Hypothesize 


• Cycle^ 


Imagine 


Guess 


Repeat 


- ^Purge 


Define 


Systemize 


Incubate 


Symbolize " ^ 


Randomize 



Some pf these strategies are actually quite complex* To make use of the 
Eliminate strategy, for.example^ one first thinks^.of aU the possible , "^x^^- 
attributes that a solution might have* , Jh'^is is done in a Very non-' 
evaluat^e mode. ^.Only after a very extensive list of attributes has been 
•prepared does one return to the list and begin to eliminate items (attrir 
butes of possible solut;ions) that seem to be undesirable, impractical, or 
unnecessary. Obviously, a schema for the ^ETiffilhate Strategy would aJ«o 
be quite complex, invp1ving.ja_number of sped aji zed subschemata with -^ti!: 
explicit^sequencing 'controls* ^ ^ - _ . /J 

' Both creative and non-creative people xould be trained to maCfe use 

* * { 

of a Tar^e collection of such strategies. What would differentiate their 

<» . * " , ' ' - 

use of the strategies would be tnp manner in^which they activjatted the 



scheioa^^Jthat represented the strategies. The convergent thinkers would 
select one of the strategi^es early in the problem-solving process/ and 
would make use of that strategy in a conscious and deliberate way. TJie 
(livergent, thinkers, on the other hand, would allocate Some.small amount 
of activation to each of the StrateguiSchemata, and would not be con* 
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sciously exploring any particular path to a solution until one of the 
Strategy-Schemata came up with a particularly good fit. At this point, 
the divergent thinker would present his ^solution in a completed forrt,. 
without being aware of any necessary intermediate steps taken to reach 
the conclusion. ^ 

If we accept the claim that problem solvers do have some set of 
schemauta with specific strategies for problem-solving, 1t becomes an • 
easier task to construct "supervisory .schemata" for probl em-sol vi^ig. 
(For isoipe very practiced or well-trained problem-solvers, the sfef'of 
specific problem-solving schemata might include those strategies pre- 
sented above. . For most problem-solvers, th^ set would probably be ^ 
smaller and the strategies less efficient). The reason that model ir\g 
"supervisory schemata" would-^be easier is that- in, schema- theory, as ^e 
have presented it in preceding sections, schemata must pass actuation 
to X)tjier schemata that they already know ^out . In other .words, schjsraata 
are not thought of as being sp powerful and homunculus-like tli^ they 
can freely roam through the "library" of schemata, picking and choosdng 

those which are appropriate for a particular^ purpose. Rather, part oi 

* * * " 

the meaning of a particular- schema is the limited iset of other schemata 

which it-can activate. , 

In such a system, the "supervisory-schema" (or general problem- 

« ^ " * , , , ^ - 

solving, schema) of a divergent thinker would activate simultaneously; all 
of the. problem-solving strategy-schemata. At this point, the supervisor 
has, in^ some senssr-celinqui shed .control over the ensuing processing'. It 
is not some acti-on of the "supervisor" that now determines which partic- 
ular strategy, is chosen, to solve the^problem. Instead, the interaction 
between the clata (the facts ^of the problern) and^he activated strategy-, 
schemata, (Jetermines which strategy will tt^iumph. Figure^3 is an attempt* 
to^rdugWy depict the distributed nature of the control of process inji in 
9_ this sort of sys,^- ^' \ . -24- 30 > ; 



The general 
"supervisory" 
problem- 
solving schema 



Particular 
problem- solving 
strategy- 
schemata 



Schemata 
activated by 
^the statement 
of the problem 



The problem 
s'tateiiient 
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Figur* 3. Districted Control During Probl«in-Solvtng in a •Schenur- System 
Tarrows represtent the flow of activation) . • 
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Ue sHpe'visory Problem-Solver Schema of Figure 3 can be thought 
having |bhe combined structure of two schemata proposed by 

tony (in press), a Problem-solving schema and a Try schema. 
Here ire the Schemata they pn^oposed, expressed in our notation. 
•■PROBLEM-SOLVINB (PERSON, EVENT, GOAL) . 
is when- • v • , 



C7\USE (EVENT-, WANT- (PERSON, GOAL)) • 
7UNTIL (OR (Gf\pERSON, GOAL), GIVE-UP (PERSON)), W (PERSON, 



\ 



gbMperson, goal))) 



•end. 



/ 



TRY (PERSON, GOAL, ACTION^, [ACTIONg] )^ " , 

is when - • . 

- CHOOSE (PERSON, ACTIOM,) ,. " ' ■ 

HOPE (PERSON, CAUSE (ACTION,, GET (PERSON, GOAL))) •> 

WHILE (NOT (SATISFIED (CONDITION (ACTION^))), TRY (PERSON, .ACTION^ 

ACTION^'-)) 

1)0 (PERSON, ACTION) 

end., » . ■ 



•J 



ihe link between. Pro Wiem-So«lvei^ and the nyre explicit -p'rogl em-solving 
strategies must lie in the ACTIONS that the" TRY schema ioiows about^ ;The 
"particular^ problem-solving strategy-schemata" of Figure 3 are exainples 
of such'ACTIONS. In RUme,lhart & Ortony's formulation, the problem-solving 
episode consists .of, a sequence of attempts at the 5oal ,^ .characterized by' 
a sequence of ACTIONS* (The UNTIL and WHILE subschema^ta above are re- 
sponsible' for this Sequential character). This sTems like a gobd model^ 
of the -problan-solving behavior of the 16ss .creative person, but some* less 
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"The square brackets denote an optional Argument of the schema. 
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temporally constrained activation of. ACTION subschematavmay be called 
for to .aqcount for "creativeVproblem-solving. A suitable definition 
of the CHOOSE subschemata of TRY^, one that, is capable of returning a* • 

set of actions rather^than a single ACTION^ might suffice to solve 

/» _ , • • 

this problem. " • 

Orienting Tasks and Self 'Direction 

- . c 

Orienting tasks can-be of either of two types, instructions or 

questions. A task of eithier-of these types can be either explicit . or 

implicit. In many cases of interest, the task is impl.icit. For example, 

the statement of a problem can often be thought of as an instruction to 

* 

sgIv^ it or to answer the question "What is the answer?" Orienting 
tasks determine the direction of subsequent cognitive processing after 
'they have been presented. What is the role of orienting tasks in a 
'schema-theory model of cognition?^ • . ' 

We think that a productive' way to view orienting tasks is as inputs 
which activate subschemata that, in turn,. activate high-level strategy- 
schemata. Orieating tasks that are j'nstructions will ordinarily activate 



Prescriptioa-Schemata (Rigneyi in press; Rigney & Munro, 1977). "Question" 

orienting tasks may activate information-retrieval-sehematai or infer- 

ence-schemata, or prpblem-solving-schemata. -A given orienting task may 

activate such schemata at several levels of abstractness. To understand' 

what we mean by this, consider the following Extended example. 

, ^ A subject js presented with the following verbal logic problem. 

Mr. ^cott, his sister, his son -and his daughter are all tenn4^ ^ . 

players. ^ • 

The. best player's twin and. the worst player are of the same sex. 
The best player and the.worst player are the same age. 
. Who is the best player? ^ . • . 

33 - . ' ^ '■. 



^Because of the overall setting or context (that he Is a subject in a 
psychology experiment, for exampTe), he ttfkes the .presentation of this 
problem as an implicit instruction to solve it. Because of the explicit 
query at the -end of the problem statement, he also takes it as an 
explicit question. Now, if the subject is. extremely familiar with this 
kind of verbal logic problem, then it may happen that he already has a 
very special-purpose problem-solving schema (a prescriptive schema)- 

. for processing them. Such a prescriptive schema might be something lil^e^ . 
"successively filTin the variables tn the statements of tfie^pro^blem, 
using the names or descriptions provided, and'look for contr^dictior 
rn the implications of the resultant statements J'.' Those subjects who 
do not have enough* experience with this kind of* problem yvil^j of course, 
not have any specialized prescription available for solving them.' Such ^ 
subjects are likely to experience the activation of a number of more 
•generalized problem-solving and question-answerin/schemata. Some subjects 
-mav experience an even distribution- pf activation among/ thesfe schemata, 
others Ifnay experience sequential instantiations of *thfem.. ^See, the sub- 
section on "Creativity and conscious ^control" for a schema-theory treat- 
ment of individual differences in styles of problem-solving). One such 

generalized quest ion-.answering schema might be called the Information- 

? ' ■ ' i . 

Retrieval -Schema. This schema does a kind-6'f simple "table look-up" to 
see if the answer is already stored in specific memory as a result of 
_^iw^e¥4otjs-processing. If the subject read the problem-statement in a 
normal manner^ this loolc up will surely fail, because processing at the 
normal leveVof understanding did not^Vesult in the deduqtion of the 
correct answer to the problemV Another possible act1»vation of a' schema', 
is tha* of an Implications-from-Related-Facts-Schema. (.See the sectioo 
on "inference," below). This schema would drive the further activation 



of some of the concepts that were stored du/ing the original compre- 
heniion of .the text of the problem. For .example, if the cpnceptv^WIN, 

mentioned in the [Jroblem, had been stored in aij unexpa'nded or surface (- 

«. ' . • ' ' ' . 

form ,^ it fould now be ^eactivate^. As a result, the meaning of T^IN 

- . > • . • . .. ■ - ^ 

would be ijistaptiated. Therefore, the subject would understand that 
the two individual-s who were twms were of the same' age. • M^fr?;3»«icessing 

f the -cAicepts SON* 



of-the concept TWIN ^nd of the -excepts SON 'and DAUGHTER would result in 
an instantiation of the concept t'htit these two twfris must of the 
opposite sex.. ^ . ' ' . \ • — ' 

Some orienting tasks activate very simple and very specific response 
schemata. For example, if an experimental sub jectsiS given a piece of ^ 
paper which has pr\inted on the first lini^ * ^ 

' NAME ' '^^ - ' > , > . 

most subjects wilTwrite thefl^ names in the blank. The string .J't 



serves as a very simple orienting task that activates a Writ?-Name-Schema. 
Other orienting tasks activate very comglioated and much le^s specific 

-response schemata. For most people^^-not familiar wfth verbaUogic puzzles ' 
such as the Mr. Scott problem mentionecl above, there is no appr6priate' ^ 
specific or detailed response. schema avail.al)le. Some problem-solving 
schema less immediately appropriate is therefore activated (such as the^ 
Imqtications-from-RelatedrFacts-Scherna mentioned above).. \^ - ' . 

This "is where sel f ^di recti on . comes into the (discussion. If 9^ subject 
does not. have a highly appropriate concrete response schema for this 
particular type of task in* his generic knowledge repertoire, then he 
/nyst employ some more complex ^and more vague task-response schema. 

-These, complex, -vague ^schemata have a prescriptive nature, and when they 
are instantiated, the subject may experience%le sequence of prescriptions 
as a kind of "talking ta himself", (I.e., "If I'm presented a problem 
wtth a. lot of^atts, I should think about each of the facts ttf some 
' ^ ' ^ . -29- 35^ _ ^ • 



detail, to see ^if any ^JJe facts have implications for each other. , 
. So what's a fact? 'let's see, at least/two of these people are twins i 
- Now . . .") When d6 we say that someone is being self -directed? When 

tha\ person^s behavior (or sequeupe of probtessing) is^eing driven in a 
. top-down fashion by an a'bstract.^^rescriptive sch^*. »One is self- • 

directed When one encounters \n orienting task for which there is no 

special response-setema in generic memory, and one therfore responds 

"under the guidance of" a less concrete response-strategy schema, 
r • Presumably, there is some fairly large store df-^xrctrresponse- 

strategy sphemata. The list-of 66 problem-solving strategy-schemata 

(in the section on "Cognitive Strategies") is a subset of these schemata. 

When one of these general-purpose response-schemata guides processing- or 
' behavior, the person jnay report that he is "tfelling himself" to fqllow 

a' certain course^ and we say that the person is ^elf-directeek * 

This means that some orienting 'tasks call for self -directed pro- 

cussing— namely, pose tasks which are, in some important way^, novel, , 



and therefore not^§asily ^accomTOda ted .,irf; every respect .by some existing 
foncrete strategy-schema.' The orienting tasks that do not require self- 
.directed processing are those which c^h be responded to adeqU^ately with 
a' Special tdsk-speclfic -schema. / . ' , ' 

: ^ It is possible that another characteristic of self-direction in 
response to orienting tasks is the/activation of a high-level task- 
response schema.'. Such a schema would serve .as a kind ofjndex' to more 
siecifi^ task-response strategy-schemata; It looks at the characteristics, 
of tjT^ orienting task and the "^ontext in which the orienting task is 
presented, and compares these /features with a sort of '^'dictionary" that 
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matches particular comb,irfeti6ns of task features with potentially use-' 

■'■*/"' 
ful response-strategy-schemata. The effect of the activation of such 

/,•■•■• . _ 

/,•■•.,. 



a schema, 'fin terms of subjects' taslf-respoase protocols, would- 
be that the^subjects would report that they noticed features A, B, 
and C of t+ie\ask, which* led them to postulate the/possib'le applica- 
bility^of strategy A. . , . 

Figu,re 4 presents a* sample of the kinds of schemata that can be 
'•activated ii-^respbnse to orienting tasjcs. Tlhese schemata^ can vary in 
abstractness and; generality. The most highly f"tuned" schemata are 
those which ^n usefully guide responses to or^ly a very limited class 
of taslk demands. - The' activation of the higher schemata on the abstract- 
ness dimension characterizes self-directed responses^ to tasks. 

What consequences does this theoretical approach have for the 
training of students to^be more effectively self-directetF? One is 
that students sh'Duld benefit from being taught a variety of response,-. • 
strategies for different types of situations* It is important that such 
response-strategies should be formulated so that they are^general enough* 
to have a fairly wide range of tasks to iXihich they are applicable. How- 
ever, they should also be concrete enough that students have some good 
ideas about what aspecfts of the task or the context in which the task 
is presented are especially good jdiscriminators among or* diagnt)S^ici for 
the possible response strategies, and hence should be carefully noted. 
In 6ther words, students should be taught diagnostics for the applica- 
tion of particular ^^t^ategies. ' ^ ^ 
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General-purpose TASK-RESPONSE schema^^matches features of 
task with strategies); * i 



Sti'ategy schemata 



PROBLEM-SOLVING schema 



RETRIEVAL schema 



More particular (but still- general) 
strategy schemata . . 

^ • - ELIMINAtfe-STRATEGY schema 



IMPLICATIONS-FROM-ftELATEO-FACTS schema 
RETRIEVE-RELATEO-FACTS schema 



Concrete, task-specific strategy schemata 



VERBAL- LOG I C- PUZZtE-SOLUTION schemar 



^NSWER-qUESTION-OF-FACT schema 




Some 
problem- 
soWlnjg 
schemata 



c 



• Figure '4, Ta$k-Response Schemata on a Dimension of Abstra'ctness, 

The activation of* the higher schemata on^thls dimension ,1s characteristic 
of self-direction In response to tasks. ' '. 



. ERIC . 



-32- 



38 



* - * ♦ . 

InferencVand Depth of Processing 

Th^se two 'constructs rdceive related treatments iri schema-theory 
and so are discussed together here, Craif: & Lockhart (1972)* used the 
"levels- of processing" notion to discriminate between semantic and 
non-semantic processing, Klein &' Salz (T976) extended* the term Jto 
apply to different ^levels of semantic processing as well ^as to the 
difference between semantic and nonrsemantic pr(Kessing,^ Both types' 
of levels^ of processing will be discussed below. The term "infereace'^ 
has a more varied and less technical range of^uses in ^psychology. We' 
will begin by suggesting a meaning fair "inference'^' in the^framework of 
schema-theory, and will then .discuss some of the ^uses of the term from 
this poinfof view^ "'^^ : ^' ^ ' * , . . - • 

"Inference", ^ 

c The approach described here for a ■1:reatment*of "inference" in a 
schema-system is inf4uenced in parTby ideas about inference expressed 
to. us by Ramelhart (personal communications),' Rumelharti& Levin ^1975) 
prgpos^^ a model for language comprehension in. which 'activated schemata ^ 
can be "satisfied" without fully activating all of, their attendant sub-, 
schemata,^ (From a linguistic point of-^view, what this means, is 'that 
lexical decomposition— a.s developed by Lakbff, 1970, McCawley, 1968— 
is nit an indefatigable process. The ^prbce'ss.of understanding a word 
does not require the activation' of the wrdfschema and all of its' sub- 
schemata and. even all of their subscbemata* as .s6n)e critics, such-as 
Kintsch, 197^^''' F.odof, Fodor & Garret;? 1975, have assumed. Instead,Jbhe 
ipeaning of a word can be pnly partially lexically decomposed or partially 
comprehended). What this means is^that^sbme of the subschemat^a of an 
instantiated schema may not |)e instantiated themselves; rather the^ 
representation of the^lnstaintiatecf schema ^Includes pbintefrsAta 

y '' ' " -33- 39; , ./ /'• 



unin^tantiate^ subschemata, thafis, to generic representations. We 
could say of* such "partially instantiated" calling schemata that^they 
are "frozen", in a state' of partial comprehension. • • -^-^.^^ ^ 
Frotn the viewpoint of our.thejj^y, this condition ^f bejjig only par- 
tially instantiated is not an unusj^al thi>ig for specific concepts' in^ 
meinory--far from it! Rather, we believe that people very rarely pro- 
eess^incoming informattoh to the extent that they really come to under- 
atand every possible nuance of that information. (Fictidn^ provides some, 
counter-examples to this c^aim. Sherlock Holmes is a character v^ho, seems 
to process each datum for absolutely every, inference" that can be drawn 
from it). People instead process Incoming information to sthe extent that 
some contextual ly-determined "demand* for understanding" is satisfied. In^ 
many cases this may simply mean that processing stops when the highest 
level schema that can "account for the dat$" is reasonably satisfied that 
its major lirguments cart be instantiated, - 

We just referred to the sifatus of an instantiated but not-fully- ■ 
comprehended schema as "frozen.." By this we mean that it can become 
active again, or, at least, that its uninstantlated subschemata can be- 
come activated and can; in their turn, seek their own subschemata or _ 



arguments in order to become ihstavitlated ^emselves. By tffis means, 
people are sometimes able to come to a -deeper level of understanding of 
some information that was at first encoded- in a more superficial^|winner^ 
. The process ^f "inference"' has' t^^o varieties Jn our theor^ ^. ^^hese 
are "Jmnie<Hate inference" and "delayed inference. "^ The former is that 

^which ox:€w<^ecause some aspect of the context in which a piece of 
i^nformation is acquired drives (usually in^a bottom-up way) more pro-. 

*cessing than would be usual. The contextual ly-driven schemata and the 
normal schema- that is ^the- generic representation pf the information • 



/ 
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"being. understood, seem to "cooperate-" Because. these activations rein- 
force each^ther, only the contextually appropriate "inferences" are , 
instantiated "iinci, thus, come into consciousness.^^ ' - * ^ v/-'. 
"Delayed inference" is the process referred to above,- in which a * 
^ "frozen," partially comprehended schema becomes reactivated. This can 

^ . - * • • • 

happen. when first, some^aspect of ongoing processing provides activation * 

. for the stored specific concept (i.e., somethtng makers -the^person think 

' ' - ■ ."■ ' 

•about this particuVar stored episodic knowledge)j and, second, some 
*»' -..♦ " ' * 

other aspect of ong'o4.ng processing (often in the context) drives -the 
' activation of one of "tfie uninstantiated subschemata or arguments. 

Of course, it is possible for there to be some top-down activatiqn 
./ of the inference process. This would ordinarily be provided by some 
fairly specific problem-solving strategy-schema (such as-^^ose discusised 
in the sectiorTon "Conscious allocation of prc(cess4ng resoTirces"). Sucf) 
a » Strategy-schema, when^activatefl, would have the effect of reactivating 
the" stored specific concepts that were judged as possibly related ..to the 
problem.' In effect,^hen thi^s strategj^chema is activated, the problem- 
solver, says to himself, "Let's see, maybe some of the circumstancesj^jof , 
this problem have consequences for the solution. Maybe sometlTing can be 
.inferred on the basis of what I already kfiow."1ie1l , I know Fact -A. -Do" 
• " facts 'lij<e Fact A have consequences for problems like thts one? Hovf 

a|?oqt.Fact B?" This kinc^ of introspectiveiy observed "talking to oneself" 
is simply a byproduct of- the activation of the- special strategy-sc-fciema 
'"that could be'called the Impljcations-from-Related-Facts-Schema. 
• , Here is an example (unfortunately crude and simple, but stni fairly 
*. . - lengthy to present) of the process of "delayed inference" , in sch^a- ' 

theory.. In this example, someone is told that "Sam took the boovlfrom John" 
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in some^fcontext -^n which a particular book is being discussed. .The . 
per,soh who hears th1s,uncierstands it (by which we mean that some 
semantic sthema or schemata-are satisfied by'the processing of this 

« « * . t 

string). .However, at the time that he hears' it, this persifn doesn't 

think muc|i. about .it; he makes no explicit inferences baseH on the ' 

information. Figure 5 represents the hearer's semantic structures for • 

the infon^^ memory. This representation is that of 

a very simple and superficial understanding of the utterance. Two 

major schemata account for the'^ulk of the^epresentation— the Take-* 

Schema and the Book-Schema. Both of these schemata have many subschemata 

which happened not to te activated at the time that the person heard the 

sentence. . . ' , ' ^ 

No^uppose t-hat.the person iis told, '*'Sam knows the ihformat^'on 

contained in the book-^ii The mention of the information contained in 

the book probably activates a pontion of the schema for ^ook, a sub- * 

_ \ * > , 

schema that records the fact that -books contain information. Figure 6 - 

represents this* simple level of understanSing, after the hearer hBs pro- 

cussed these two %en^&hces in a 'fairly casual way (i.e-i,. the schemata 

used in understanding were not driven to produce the maximum possible 

number- of* inferences). .-^^ 

If, at some later point, the l)erson who. learned these fac^s is 
* ^ . •# 

told^that it i5 very important to fiod all those who know the infor- 
matioff-in tbe^bo'bk , .what answers will he be able to come up with? ^Well, 
to begin with, some simpW^infannation-retrieval routines- should be abl^ 
to automatically come up witb^the 4nformation that Sam knows the jnfomia- 
tion, since, it-is already^ directly stof^ed in just thi^ format in loog-^ 
tfrm memory. Anojther feinswer that, he. should be able^to come up;with, 




Figure 6.^ .rA Schema Theory Represejitation of "Sam Took, a Book from John" 
■ and "Sam^ Knows- the Information Contained iTi the Book*". * , - 
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however, is that.i*t is quite possible that John also knows the 
information, since he had the book at one time, and possessors of-'books 
often r^ad them and tljere^y learn the information contained within them. 

f 

How can the ability to make such inferences be accounted for with-' 
in our schema-theory notation? The information does not seem to be ' 
directly available in" .the representation in Figure 6. The answer to 
this question lies- in the "reactivation" feature of the schema-model 
of understanding* memory, and thinking. " The Take-Jchema and the Bbok- 
Schema in Figure 6 can be reactivated; and ''those "reactivated schemata, 
along' with the schemata activated by' the structure of the question 
("Wbp might know the information in .the book?"][, will t'esult in a more 
•complex instantiatiom for the information, about Sam and John and the* 
book '(presented in Figure 7). ■ . * . 

In order to see how this kind of inferential -thinking .is don^ in 

* * ' • • ^ 

a schema-model; we must firjst -sketch some kind of representations for 
the generic meanings of the important terms, like "take"^And **bo6k^ 
, Here-is the generic 'representation for the meaning of "take". • 

> , TAKE '(ACTdR.' OBJECT, from PATIENT) ' ^ • •.. ' ' 
is when . . » * 

CAUSE (DO (actor;' ACTION), . CHANGE ('from' POSSESS (PATIENT, OBJECT), 
to POSSESS (ACTOR, OB J^CTj^j. 



J 



end* • 



This representation for the meaning of "take" is adapted. from that' 
of Gentner (1575). For a related representation, see Miiler & 
Johnson-Lair(J (1976). 



Figure 7. A Schema Theory Representation of) "Sam Took a- Book from John'' 
»^and "Sam Knows' the Information Contained in the Book" After Fu^ther 
Inference has TaVen Place. (Tjme information has been omitted for 
simplicity.)" . ' 



» 

f > 






• 


According to this Take-Schema, "taking" i^ a relationship that holds 


• 




between -three parties, an actor, *an object, and a "patient".^ "Taking'' 






is when the actor does Something that results in a change from a state 




* 


, in wMch the patient has the objeclf-to a state, in which the actor has 






the object.' Notice that this representation for "take" makes explicit 






"reference to possession by the actor and the patient.' 






Here is the generic representation for the meaning of "book": 

. Boox (x... [possessor, wrjter, ...-]' ' ' - 

. xs when - • . 




t 


HAVE (x, P^GES) ' . „. ' . 
HAVE (x, TEXT) - " . 

CONTAIN (x, INFORMATION) - ' . • • 


• 


* i 


' ..POSS'lBLB (READ (POSSESSOR (of x), x)) 






' .* * s 




end . — - . ^ 






-According to this incomplete Bftok- Schema, .a book has. piges and contains 

information. One who possesses the book may reaid it. ^""^ 

* - • - 






These schemata alone are not quite enough to ensure that the^person 
Who knows about Sam takipg the book from John wilTbe able to "infer"» 
that John might khow the information contained in thtsT book. 




• 


\ ^. . ' • • ■ 3 

These^ terras are used tiere in a. manner very similar to the case^ 
relations employed by linqui$ts such as Fillmore (1968), Stockwell, o 
Schacter, & Partee (1973 ). Part of their function in schemata is to 
impose "selectional restrictions" (see Chomsky, 1965) on the arguments * 
of the schemata. - . ' • , 


t 


ft - 


The. lower-caSe'x in this line i^ used to refer to that object which is 
itself the book. The sguaYe brackets are used' to enclose arguments of 
tRe schema that are,, in some sense, optional. They need not be made 
explicit parts of the representation of an instantiation of the 
•Book-Schema. r . ♦ 


\ * 
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We must also specify the meaning of the 1?ead- Schema, 

-.READ (ACTOR, BOOK) . * ' ' - ' ^ ^ 



is -when , 



Here are' subschemata descHbi-ng some of the motor 
processes. in reading, such as looking at the^words^ 
turning the pages^, and so on* For the sake of 
brevity, we. refer below to these processes as • 
VIEW (A.CTOR, TEXT (BOOK)). \ ■ . ^ 



;. CAUSE (VIEW (ACTOR, TEXT (BOOK)), KNOW (ACTOR,. INFORMATION (OF BOOKJ)) . 
. end . '> 

According to this Read-Schema, viewing the text (at Jieast in "r;eading mode") 

causes the viewer to come to know thejnforination* in the text, 

Oun model of thamind of 'the person who hears the sentences about 

Sam and John can now account for the ability to mafce the inference that 

John might kftow the information from the book. The phrasing of t^he question 

which_3peeif,icaT*I'y refers tg- knowing the information in the book , activates 

the subschema of ..t;he°Read-ScHenia presented above, put this activation is 

missing a specification for the ACTOR. This drives a search fpr schemata 

of the. form "POSSIBLE (REAP -{Unspecified, BOOK));'. • The search is satis- 

fied by the last subschema, of the Boole-Schema shown above, Jit^which the 

Unspecified 'argupient iStahdwn to be the POSSESSOR. This, in turn, acti-' 

vates a sear^th for^a schema of the form "POSSESS (Unspecified^ BOOK)"., 

whej?e BOOK is not the gener^f^fek,,:,.but rather the specific book under 

.rtliscussipn. If sucn a search can reactivate the representation for the i * 



^meaning of "ta^ke", then the facts that both John and Sam possessed the 
book 'ishould become an explicit part'^f^the representatioji. ^ 

figure 7 represents- the state of the person's Jong-term mem'ory rep- 
resentation for the re1atior>ships among the booJc and Sam and* John, after*^ • 

^the r*eactivation of the BOOK and TAKE sctiemata- • • 



i' • •• 
n the explanation we have just given for the "inference" that 

John,»nay have read the book, all the activati&ns were driven in a 

bottom-up fashion from the phrasing of the question.' This is itot the 

orjTy way in which such reactivation can take place. As was mentioned 

earlier in this subsection,' th.ere may be some complex strategy<-schemata _ 

which are called into action during problem-solving, question-answering, 

and pther -cognitive tasks to drive inferential pr;ocessing. For example, 

if there were an Implications-from-Related-Facts-Schema, it-could have ^ 

been activated by the orienting task (in this case, a question to which 

^there was ^^ot"a fully satisfactory answer based on simple retrieval 

.strategies). This schema-wbuld theri direct the activation of all the , . . 
related facts kno'wn. about Sam, John, and the book. This would ineajn that' ' 
the "frozen" (in Figures 5 and 6) schema for "take" could be reactivated 
Resulting 1^ the ,ext)licit pt'opositions about John and 'Sam separately 

.POSSESSing^the book. The reactivation of tlie schema far .the book woul'd 
result' in an explicit statement, a))but the possibility o"f the possessor ^ 

"readihcf the book. .If this activated sub§chema tould, in turn*, activate" . 
V(\Si RE Ap; SCHEMA, so that the notion of' ^knowing He information in the - 

'book (beb<h*^e of reading, because of possessing),, t^en the complete 
"inference" projcess. would be directed in- a -conceptuaJly-driven manner, 
due 'to. the activation of^thp special Inip*l1c;attions-fr6m-Related-Facts- 
Schsma. - ♦ • * ' , ^* 

Ttisee||s Jikely-to'us''that the best viewppint on am inference pro- 
ces's^such as - that just described os that the two types of* processing,--- 

^conceptually-driven and data-driven, nnist both' contribute if the ' ' / 

, ''inference"- is to be arrived, at. ■ * " ^ . %<> ' • 

»'Pepth of Prpcesi^ing" . »- • . \ ^ - 

.This' term 'is, used in slightly different ways by ^different researcher 



Craik and Lockhart (19^72) used the term "levels of erocessing" to 
distinguish between processing at sensory levels (more "superficial" 
01 "shallow" process! ng)^||id semantic processing ("deep" processing). 
Some other psychologists (e.g., KJein and Salz, 1976) have experimented 
an different levels of semantic processinoi Some of the differences In 
i:e0U jof meaningful' materials that have been studied by Bransford"& 
Johnson can be thought of as being due to differences In the 

leve^ of semantic processing to which the materials were subjected. 

The question "How a-re depth of processing phenomena treated in . 
schema- theory?" is better phrased as two questions: "How are the 
differences between semantic and non-semantic process^gtreated in 
s'chema-theory?" and "How are the differences among le'vels^of semantic 
,4)rocess1ng treated in schema-theory?". Ans^it'lng the.firs/t^iiaestibi? is 
more difficult, given the ourrent state of development oWle scj|eraa- zT"^. 
theory approach to cognition. Schema- t(?ebr^ evolved priSaigjUy.as 'a: ' \ ' 



means of modeling the understanding dT 'Meaningful mc^tep^lsr-it is-'.' ■> 




primarily .a-snarnantic-leve^JmodH^The sugg6|ti^ns jthat^ sktetclt in E| 
the following paragraph cjJnstitu outline of tah expla^^^l^ofl^Y/ \ 

fo^* the differences ^between "semantic and nor^.seriiantic.,||itf**e^S€nsoryJ^ ^ ^. 
processing. • ' *. • , ^ ^ * 

. Imagine that, during visual input, a .number of "feature^ detector^", r- ^ 
are activated. Feature detectors are very lov^-level schemata that , ' / 
become active when figures of certain lengths! curvatures, colors, • 
etc. are present in the visual field. (This activation is duje to ' j. 
data-driven processing.' Needless to say, these feature-detector-s|Hema^ , 

could also be activated in a conceptual ly-dri.vfen fashion, clue to their 
• .' ' • / . - 

, being "ca 1.1 ed" by a higher schema. See Palmer, >1975)'. Acli, vati ons . of 
• • / . . ■ •# . '"■^ ^ 

these feature-schemata can cauSe the activation of higher schemata. 



'Such as 1etter-schema4€h- J,etter schemata can provide activation for 

• ^ • •«.- r** 

v^ower-level feature schemata or for higher-level schemata such as 
word-schemata. In turn, of course, these word-schemata provide acti- 
vation for the letter-schemata and for higher schemata— phrase-schemata, 
etc. (For a more complete discussion of the interactions among these 
schematai see'Rigney & Munro, 1977, Rumelhact, 1977, or Rumelhart, in 
press). Now, what is involved in an experiment in which subjects are ^ 
§iven instruction's that- are supposed to arrest their pjocessing of a 
text at a "sensory" level? Suppose that subjects are instructed to' 
count the number of "s"s in a text. From the. point of view Qf schema' 
theory, these instructions result in the subjects somehow "turning off" 
their word-level -(schemata and other higher schemata. As a result of 
this, processing essentially stops at the letter level. There may be 
some activation at the word level hue ti&'the stimulus of the activations 
of individual letter'-sc'hfema'ta* However, there is not enough activation 
of word-schemata to activate any of the more integrative or semantically' 
comprehensive jchejuata, sucfr as the tnid-l>vel content-schemaf^discussed 
,in Rigney &"Munfo, (1977). Because no hit/her-level , integrative^'Coh^ 
cepttfal.'strdflftures were instantiated during the initiaUprocessJng of . 
the>.text^ subjects do not have any "top-Tevel" conceptual structures in 
memory to represent the'fext*^ This means that there is no single' ' * 
striicture, »/hich, when accessed, could guide the entire recall process. 
Rather, the only record in memory of the text* is the assortment of- 
instantiations of a number of lettei'-and perhaps word- and phriise-schemata, 
all independent in memoryi essentially. unrelated to each -other* ^ 



; Jn a sense,: subjects in such experiments 4o have/an.instantfated schema 
''^^^^ toflhe whole text as^a result of processing it in this 

manner; this is a Counting-Schema; The final value, o.f the "counter" 
. argument of this schema is- the number of "s*ls Jn the -text. Needless. ^ 
to say, this instantiated schema will not pr(mde v.er^. useful cues for 
^recall of the entire text, despite the fact that itsXform is deter- 
.-^ J7>nlned by the text. 45 51 s • 



Now consider the second type of "depth ol processing's that^ des- 
cribes the differences between materials which are subjected to 
differing. degrees pf semantic processing^ Klein and Saltz (1976) gave 
different groups of subjects the same Usts of words wjth di^^€i<;ent 
orienting tasks."^ One group of subjects was required to rate each of 

• thef, words for its location on a semantic dimension (e.g., if the word' 
was "lion", "Is a' lion more pleasant or mor^ unpleasant?") . Another 
groupQwas required to rate each word oil two semantic dimensions (e.g'. , 
"First, is a lion more pleasant or more unpleasant? Second, is. a lion^"> 
fast or slow?"), those who ratecj, the word^ on two dimen^ons (such as 
plga-santness . and speed ) performed significantly better on a later recall 
test for the presented (and judged) words than did those who rated on 
only one dimension. Furthermore, those who rated the words on. quite y 
different dimensions (such as plecisantne^s ^nd speed^ did better than 
those who rated them on similar or correlated dimensions (suc^ as 
pleasantness and happiness ) . \ - . , * 

How can the Klein ^nd Saltz results be accounted for from a schema- 
theory pefspective? Recall the .mechanisms-foi^/di^iving' "inference" di^- 
cussed in the previous. subsection. In many circumstances, we claimed, 
the depth and kind of inferences Jbased on a given-input made by an 
urrderstander would' depend on- some aspect of the context in which'the 
input occurred. "^To ^pply that theory to.the experiment under: discussion 

^think Qf each word on the Ifst (e.g., "lion") as ttie Input upon which ^ 
inferences can be made;^the orienting tasks of making Judgements aboij^ . 

"these inputs on one or more semantic dimensions constitute the contexts 
which determine tfie directibri^of the inferences. ^ , • / 



For each of the words on tHe llst^&ubjects have generj^ repre- 



sentations in memory* In most^cases, trfiese representatiojts are quite 
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complex— they contain a great deal of information. The subject will - 
probably not experience a powerful enough activatloViDf the concept ' 
to instantiate all of the subschemata that represent this "information. 
Here is a possible partial representation for someone's generic concept * 
lion : 1 ^ \^ 

LION (x) \. . ' 
is when ^ ^ 

ANIMAL (x) 

FELINE M 

SIZE-OF (x, ) 

COLO^-OF (x, ... ) . 
• FIERCE^ix) 

. DANGEROUS (x, to OTHER-ANIHALS) 
POSSIBLE, (LOCATED (x., in ZOO)), 



end': - 
Because activation resources are Ijmited, not all of the .above represen- 
tation will be part of the specific representation for the lexical item 

'"lion" included on the list. If,,hpwever; subjects are r*equfred to- make 

1 

-judgements about the appropriate location ^f each concept 6n a "big- 
little" dimension, then the SIZP-OF subschema above will surely be * 
activated. The more unrelated or uncorrelated dimensiwis upon which 
decisions about the lexical items must be -based, the more "inferences" • 
about each lexical jtem must b^e included in'^inemory. The more different 
conte)<is or drienj^hg tasks driving the activation of the generic sthema, 
the more complete wilV be the ^specific r^pVesBntjtion of the list item. 



s . • t 



... ^ 



Figure 8 represents an experirfiental subject's specific representation 
for the. item "lion'! on a list for which the subject is required to,^* 
niake a judgement only on the^b^^ljittlA^^dintension. Oaly portions of 
the generic representation have^been instantiated for this particular^' 
specific concept in memory, one of the instantiated subschemata • 
has to do with size. This u because the orienting task of making a 
size judgement he>ped^driyl the activation of the 'SIZE-OF subschema. 
Suppose that th^ subjecyhad also been required to make judgements 
'about the term^lionV^n a happy-unhappy dinlSftsion. Suppose further 
that the subject '^/^PPY schema Includes some information. on the impli- 
cations of dangeroul creatures foir happiness; '.and that the ZOO Schema 

includes the sqbschema that people are often happy at zoos. The acti- 

^' / 

vations of these subschemata interact with^the appropriate subschemata ^ 
in the generic representation LION, and, as a resuit, a mor# deta^iled 
representation for the list item "Jion" ispart of memory. Figure 9 
is an example of such an elaborated representation. 

What is the consequence ot^hav1ng a more compliex- representation 
in memory for a specif ic^ Instance, rather than a less complex one? 
The answer to this ^question require? a detail ec^^eor^ of ordinary ^ 
retrieval of specific concepts from long-^tenii^mWory. This is not jthe'^ 



place to* develop such a theory^he reader is encouraged to examineJthe 
iaitiaV proposals for retrieval i^i^^_a_ Schema modet njatle^ by'Rumelhartl&v 



\ 



Levin, 1975), but an essential property of such 'a\sysfem can at least 



be alluded fo" here. ; That property is that the grfeljter the /lumber of ' 

schemata that ta^ke a specific* concept as an argumerit, the greater ^is- 

^1 . - . 

the likelihood that the concept will be retrieved *^from memory at recall 
time. } ' ' . ^ 1 ' 




V 



Figure 's. A Possible Representation for the List Item ^'L ion," in the Mind 
of an txperimental Subject who was Required -to 'Make a "Sizfe" Judgement 
Abotrt "Lion.-" - - , .' ^ 



-49- 



.55 



• - Ttgurej9. A Possible* Representation for the List Itenv "LlorU^ lo'the Ml/id 
of Experimental Subject who was Required to Mal?e Both 5e "Size" 
Judgement and- a "Happltiess". Judgement About "Lion." 



^-50- 



0 r 



^ We tiave shown, that, 'in schema theory, 'inference" and '-semantic^ ^ 
. depth of processing" phenomena are reflated. Both are treated as t^ 
effect of the morer extensive activation of a'^ge^neric concept ar-^schema. 



I 

more or 

otherwise be the case 



wUh^the effect that more" of jtfr^subscjiemata are activated than would , 



'' Insight 

Before sayiog-what "insight" consists of Iti schenia,-»theory terms, 
we need to asfewhat is meaVit by this y/ord both in ordinary language 
and when ,it is used by psychologists as an explanatory construct. 
Websters New Collegiate Dictionary te,ll-s us that insight means "keen 
discernment or understanding; penetration; also, intuition; immedi-ate • « 
"'apprehension or cognition.". This definition is somewhat vague, but we 
shall see that various aspects of this ordinary language" meaning of 
"Insight" -can be applied to some of the more technical iises psycliolb- 
. gists have made of the term; • > 

In the tplloiwing paragraphs; we. will ask how certain particular 
types of "insight" phenottiena^^uld be accounted for in s'dife|&v theory. 
This is hardly an exhaustive list af the useS^f the term "insight" in 
psychology, but we hope that certain commonalities- in the use of the. 
term may become apparent, so -that the reader will be able^to imagiTie. ' 
the kind" of schema-theory explanation which coujd account for some novel . 
"'insight^^ phenomenon. \i ' * ' • . 

We begin by treating three uses of. the term "insight". The first 

is the use. of the term by Norman (in press) to ref^r to the (experience 

during complex learniVig, of realizing that a number of" specific items 

. • ■ ■^^ 

of knowledge that were previously not thought to b$ especially similar 
can be thought of as examples. of the. same previously unknown general type . 



-The second type of "insight" considered here is"that which is dis- * 
.cussed in one type ot^ppoblem-solving literature. This is the sort , 
of insight tha.t a chimpanzee achieves when he realizes that two sticks 
can be pift tbgether to' reach. a banana, of .that a human subject achi.eves 
, when "he realizes that . a conmon weighty tool, can be tied to the end o'f 
• a string suspended from the ceiling to make, a pendulum. The third kind . 
of -''insight" we w.ill discuss is that which people achieve^wh^n they , , 
solve verbaL^^gic puzzles. . ' ' ^ 

"Insight" during -complex learning 

Norman pfiints out that at a'ninTermedi^ate stage of complex learning, 
students often experience^ a-ser'les of "Aha!" reactions to the learning-^^^ 
process. Sometimes this happens ^during a Socratic dialogue, in which,^ 

a t^tor asks a series of questions which make the student ^are. of a 

relationship between pieces^of knowledge which had hitherto "seemed- un.- 
related. Sometimes these insights are experienced when r^teacher suggests 
a metaphor for some poorly understood concept. Sometimes €Fese insights 
•occur when, the student simply "happens to be thinking about" -several 
apparently unrelated bits of specific or particular knowJedge.r 

.^In schema theory .terms, what happens in these instances- is that a 
new generi.c concept is 'formed in the mind of the -student; that is, a 
new schema- is' created. Figure 10 is an'^Tnformal sketch of the .relevant_l-. 
mental concepts, in schema-tlieor:y form, be-fore and after the flash of - 
insfght. In the firs^fate, the student^ is aware of a number of speci- 
fic facts, which are not perceived as instances of the same concept. 
One is a specific version -of the generic.qoncept represented by Schema^., 
another is a specific instance of Schema., another of Schema. . 
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SCHEMA] 
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SCHEMA k 




SCHEMAs 



SCHEMA k 



type 



SCHEMA 



J 



type 




The relevant concepts in the student's 
mind at^ime Tl 



The relevant concepts in the student *s 
mind at time 12 - 



LEGEND 



( o 



< > 



a specific conceptH/ifh arguments or parameters 
a 'specific concept without arguments 



SCHEMA • 



a generic concept 



Figure 10. Restructuring 
Note: Not all 'types^of normal and expected relationships among concepts are depicted 
in this figure. 



Theh a new schema is created (as a result of the simultaneous acti- 

vation^of these three specific concepts, due to the Socratic questions, ' 

' 8 

the metaphor made, pr whatever). In the figure, the new schema is 
Schema^. At this point the three spepific concepts that played an 
important role in the attainment of the "insight" (that is, the^ rer 
structuring) are now thought of;by the student as specific cases of 
the new generic concept or schema (as well aV of their-old schemata), 
Norman's use of "insight" refers to a restructuring process, as Y 
result of whtch previously unrelated concepts are now thought of as • 
being instances of the sane type , ' » 

We shall return to the question of whatliialces this restructuring 
"insightful" after. examining'the other two •types of insight. 
"Insight" during problem-solving . ' 

Consider the two- problemf^olving episodes mentioned above. • In 
one, ^a person realizes that a tool can be dsed as a weight tamake a ^ 
pendulum, which^can be set swinging and^caught when it is closest to 
the other string; then the* two strings can be tied together. In the 
.other, a cjiimpanzee realizes I'^hat two sticks can be put together to 
draw a banana" to hiLself. Part of what seems to be involved in thes-e ' 
cases, is the realization that some object which had *been encoded in - 
terms of one schema could equally well be encoded in terms of some other 
schema that has more applicability toward, the problem solution*. - . 



8 



There is no very detailed theory to account for the constr^iction of 
new generijc- concepts. Rumelhart & Norman (in press) suggest that ^ 
one possible mechanism may be to use an existing ^schema- .as a model, 
for the new one, which then constitutes a sort of differentiation 
or refinement in the characterization of a class of objects, actions 
or relationships. Rumelljart 1 Ortony (in press) refer to this 
process as one of "schema specialization." 
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.Figure 11 represents some portion of the relevant concepts of the 
person solving the "pendulum problem" mentioned above. Before 
"insight" the hammer is thought of as a hammer, a tool with a special- 
ized function, a tool which can bemused to join planar objects with 
nails. After the ^'nsight" in this figure, the person\solving the 
^problem is still at least potentially aware. of these properties of 
the harmed, ^but now this object' is no longer encoded, solely with. the 
HAMMER schema. Now the PENDULUM schema has also been activated, and 
the hammer is seen as playing a particular role in this activation .pf 
that schema. ^ 
X- It may be worth noting here 'that not all subjects seem to experi- 

^ence an activation of their PENDULUM schema spontaneously. The 
experimenter often activated this schema for subjects by "accidentally 
brushing against one of the dangling strings whfle walking by, thus 
setting the string in an oscillating motion. Subject^ ordinarily came 
to the pendulum solution quite quickly after the '^perimenteK did this 
but when they were later questioned, tHey did. not remember that the 
6xperimenter had .brushed the string.' ^Vh^s^fd that y^he idea "simply 
came to them in a flash.*' This sudden ?nd complete reinterpretation 
of a problerji situation seems to be oneVf the most important reasons - 
,for label^g these solutions "insightful." In schema-theory te^ms, 

jt could be claimed that'tlje sfubject's perception that the strings 
could te put in mottpn resulted in^a weak activation of his PENDULUM 
schema. At Yirst this activation was not strong enough to result in 
an instantiation of, the schema, but it did permit the schema to search 

'for its arguments or sub-schemata. The identification of the hammer 
with the pendulum weight then contributed further activation to this . ^ 
schema (bottom'-up. activation), which, together with the ^tTvati oris 



-The r^evant concepts in the problem- 
solver's mind at time Tl 



J 



The relevant concepts in the problem- 
solver's mind at time T2 (after "insight") 



) 



Figure 11:. Solving the Pendulum Problem: A Schema-Theory Representation 
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of whatever schemaij:a represented the subject ''s idea that the ends-of 

the strings needed to be. brought together (.a top -'down activation), 

resultfed in adequate activation for an' instaritiation- As a schema is 

J)eing instantiated, we say it is in censciolisne^s or in working menjpry* 

(See the section on "Consciousness" )• Therefore, from the schema-theory 

viewpoint, it is quite natural that there is no- awareness of the possible ' 

solution^to the. problem until. a relatively complete solution has been 

obtained, for iDnly then is 'there adequate afctivation to allow an instan- 

,tiation. , ' 

"irfsight" in verbal logic puzzle solutions ' . ^ ' • 

^ In attack*ing verbal logic puzzles, subjects may proceed to the 

Solution in a variety of ways. Each path to the, solution is marked by • 

* * • ^ 

a number of -"insights" about constraints on the rel'ationshios between 
the individuals mentioned in the. problem statement* In the Mr. Scot^ 
p^roblem (discussed in the section oh "Orjenting Tasks and Self-Direction"), 
for example-, a number of intermediate "insights"'' are required before a 
subject can achieve the final insight that leads to absolution- One 
such insight is the^realization that there is at least one set of twins 
j^njt he family: either Mr. Scott and his s^ter are twins and/or his ' 
son and daughter are^, twins- Another' insight is that there are a^umber 
of possible same-age relationships in the famfly (Mr* Sco.^and his 
sister, vthe son and the daughter, the son and the sfster, *he daughter • 
anjd the sister), an4 that some of. these possible same-age relationships 
are contradictory but others are not. ^ , • . 

Let's consider what form the first of these "insjghts" Would take 
in i schema-theory representation of person's understanding of the 
problem. * . ^* 




TWINS 

DUMMY^ OUMMY2 DUMMY3 



TWINS; V. SEX J VPLAV 
DUMMY^. DUMMY2 DUMMY3 



Some of t\\ii relevant concepts in the 
puzzle-solver* s mind before "insight" 



Some of the relevant concepts in the 
puzzle-solver's mind after one "imight" 



FigureJ2: A Simple "InsighC Necessary to the Solution .of the 
Mr* .Scott Problem:* Schema-Theory Representation 

■ ■ ■; • ■ ■ . . . f-;.- , ■ 
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^f^the first part of Figure 12, the left portion of the figure repre- 
sents the problem-solver's understanding of the familial relationships 
between Mr. Scott, his, sister, his son, and his daughter. This struc- 
ture is part of ttie representation that results from the processing of 
the first sentence of the fyrobjem.' The right portion of the figure is 
a partial representation of the -problem-solver's understanding of the 
ntence, ''Jh^ best player's twin and the worst player are of the same 
sex." The^rgument of the Best-Player Schema Js a dumyy. This means 
that the. parameter is really unfilled. Presumably schemata do not 
like to be instantiated with unfilled arguments, and this state of 
arffairs^d rives further procef^'sing to try to "fl.TlVthe dumrr\y argument ^ 

^with a real, specific concept, namely one of th'e concepts, that represent 
th^ members of Mr. Scott's family. As we saw in the earlier discussion 
of inference, this kind of processing will activate some conceptual 
structures which had been only partially comprehended before. If the ■ 

> • J. ' * . 

TWIN-schema included in Figure 12. is activated, it activates a sub- 
schema called SIBLING'(as well, as other subschemata, of course). The 
SIBLING schema is something like this: 



-SIBLIN6 (x, y). 
\ IS when 

AND (OFFSPRING ^(x, z), OFFSPRING (y, z)) 4 



end 
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The OFFSPRJNG schema has this form: 
OFFSPRING (x/z) 

• is when . ^ ■ • 

OR (SON (x, of z), DAUGHTER (x, of z)) 

end . ' - " 

A chain of activations is set off: /First TWIN activates SIBLING. Then 
^IBLING sponsors two activations of OFPSl^RING. These OFFSPRING activa- 
tions, in turn, look. for instances of SON or DAUGHTER. In the, "before" 
section of Figure 12 are an instance of each, SON and DAUGHTER, that 
are able to satisfy the two activations of OFFSPRING. This means 'that 
SIBLING and TWIN are also satlsfiedtr: As airesult, the concepts that' , 
represent Mr. Scott's son and .daughter arejirarked as possibly being 



e^a 



twins in the "after"^ portion^of Figure 12. (The reason th^t this in- 

stantiation of TWIN .is " hedged;:. by .tiie "Possible" js that there are 

other important subschemata of TWIN that have not' yet been satisfied. 

For example, 'there must be^a subschema, not represented in the above ; 

definition, "^that expresses the fact that twins must be born at the 

• / ^ * ' * < 

same time). A second instantiation of TWI^, also marked as "possible" 

/ ■ 4 • ^ ^ ' ^ ' ^ 

is included in the second part of Figure 12. This instjintiatijDn is 
arrived at more readily thfein the firstV 'since the SIBLING schema is 
already present in th^ first "part of Figure 12. 



The second part 
reader's understandin; 



Df this figure thus represents the cfrange in the 
of the Mr. Scott problem after he has realized 
that there are two possible sets of twins ,and has assigned the appro- 
priate specific concepts to these-possible Twin Schemata. , 



There _are. a, number of other "insights"^e£essary 'to the sqlu^tion of 
this problem. Most of these can be' thought of as the kinds of delayed 
inference discussed in "Inference and depth of processing," abpve.. 
^Conino\aspects. of insight. in these three cases . 

In each of these types aMfi$ight, new. instantiations of schemata 
oc(3irred (sometimes with^d generic schemata, sometimes wijtb new ones) 
In each ease, thg^liew instantiations relateid two or more pre-existing^, 
speci'fic concepts in a novel'way. Perhaps this is exactly what^;Hisight 
consists of: the recognition ef a previously unnoticed- relationship. 
The m(^e unexpected such -relationships are, the more likely U are to 
label thetr discovery as instances of "insight". ^ ^ 
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III. SOME REFLECTIONS ON SCHEMA-THEORY 

A number of explicit suggestions for the treatment of cognitive - 

* 

processes in terms of schemata have been presented in II. Here we 
inter^d to step back and present an overview of. schema-theory and,' 
hopefully, clear up some questions that 'remain... Xhe relationship be- ^ 
tweea schema-theory and more trJiditional information-processiag theories 
'is discussed, and thf varieties of schemata ar.e explicated. 

. Schema-Theory and Cognitive Component TheoVies 

The presentations '^af^ny information-processing theories' are 
characterized by diagrams such as that'in Figure 2A. We refer to. theories 
of this type,, which follow the flow of infprmation through a series of 
discrete cognitive components, as "cognitive component theories"., Inj> 
such theor4e's, concepts in*;5iemory. that are not part, of consciousness are . 
tHought of as being in a vast storage' depot, .called longrterm memory% . 
When certain features (provided by a feature extractor) /enter a smaller 
storage area, called short-term^ memory ,Jthey maycause s6me of t-he ton- 
cepts in long-term rnemory to, be transferred (or copied) into short-term 

^memory. The same phenomena that are accounted for in a cogn^ittve com- ^ 
ponents theory in this manner are treated in. a slig'htly different way 
in schema- theory^ in schema-theory there is\qnTy on^ storage aregi, ' 
but the concepts within ft are thought^of as bedng in <Hfferent states 
of actfvation. In general, the least activated schemata are' similar 

'to the contents of long-term memory in'a cogniti've components theory. 

.The most activated schemata are those concepts which, tn cogmtive ^ 
coijiponents terms, are in short-term memory. ' * - ' 
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The activation construct that is so central to schema-theory 
provjdes. a natural means for accounting for the resource-limited , 
processing.-discussed by Norman & Bobrow .{1975 \ The resource limit- 
att6nf they treat .can .all be thought of as being due td limitations 
on actfyation f^esburces.^ There' is no siirtlTar pre-exjstthg feature; 
in cognitive component models to account. for the facts of resource 
limitations. ' ' / ~ 



A'demonology: ' The varieties •of sehemata* 



Schemata can be distinguished, frpm each -eth^er 5y three means. 
The most basic means of distinguishing. schemata is* in. terms of their 
functions . That is, when- a schema acts like a procedure, what does it 
4o? Every schema is unique in terms of function. .No two do exactly ther 
eame^lirg-'in-BveTT^ not be^two schemata, but' 

one schema. To categorize all* the possible^ functions of schemata would * 
be an arduous task. -There are schejfnta to recognize/id€?ntify visual 
features, to recognize auditory features, to provide the"**meanings. of 
words, to represent known facts about the world, to guide motor tfctivi- 
ties, to plan, to solve problems, and to carry out all the other flinc*-, . 
^tions of human beings that might be considered even remotely Intellectual 
in nature. We are not prepared to preseTit a classification in terms .of 
function. 

. A second means of distinguishing schemata is,,in terms of abstract- 

he'ss. , * * : 



"We remain uncommitted, on the issue .of whether total activation 
.r^eSoLH^ces available to the system' can vary within certain limits • , * 
or-whether they are always fixed at ofieieveV. !The functions of ' ^ 
/th^^ reticular activating system argue for a. model with vaHable • 
leyH^ Q*", activation > but> as' was explalnedMn footnote 1, schema 
the^Ms'not intended as a physjological ^nodel. 



Figure 4,* atjove, presents a sample of the schemata described in this 
paper, arranged in order of their abstractness. Th§ mor^ abstract a 
schema is^^the more different situations it can apply to. The more con^ 

Crete or specific a schema is, the more restricted is its range of appli- 

. ' . ' • ' ' 

cation/ Very hj^ghly-tuned schemata tend to be most context-specific or 
nontabstract. Yhes6 are schemata that are prepared to respond to' one 
"particular type: of situation, and not to others. The best examples of - 
these 'cire motor schemata Tor example, >ve would claim that a professional 
tennfs player wbuld have many 4^fiousands of specialized schemata for . 
hitting a tennis ball (differing slightly, from'each other with respect 
to the speed and position of the ball and th&rp layer while an amateur 
player would have many fewfer, more abstract sq^iemata. (Perhaps the rank 
beginner would have only three— one for serving, one for backhand?, and 
one for forehands f. Another example lof extremely concrete Schemata is V 
that of the nieAiories for chess positions of master chess players. In " > 
general < according to de^firoot (1966h the more advanced the player, the^ 
larger wiTl,bfe hfs repertoire of quitTlieJ^ailed, non-abstract memories' 
for types- . of ch^ss positions. / ^ > ■ »^ / 

• Jk third" means of distinguishing schemata is io*terms of their scope. 
Table 1 presents a number of schemata, classified according to t|jajr 
scopes.' f\ schema with^wide scope js'one that can account for'^^a great 
deaV of d^ita'. Typically, it has -a l^rge number.Iof s^ubschfemata, each of ^: 
'whfdh have subschema ta of the'ir own.* An example of a schema .with small • 
scope is a-f^ature-detecttiSn scbema. Ait example of a schema with very 
wide scope i,s a te^^t-unde.rstarWing sch'ema such as th^t pnoposed by 
.Rumelhart (1975> fpr narrat^ives. i • • • 



Exanj^lefe of Schemata Activated in Three Contexts 



High-level 
schemata: 
recognize situa^ 
ti on/context 



Schemata thai 
establish B ; . 
particular 
context set 



0) 

.a. 
o 
o 
to 

c 



U 

c 



Mid-level 
schemata » 
more particular 



Content-schemata'; 
Often represent * 
meanings ofl .... 
lexical items ^ ^ 



Schemata activated 
in 'probl em-sol v- 
ing ^ / , • , 
(discussed abrove) ^ 



Problem- Solver 
(pp. '23-291 



Build-Up 

(PP- 

Eliminate > 26- 
28) 

Work Forward ' 



Elaborate 

Implicatipns- 
Ifrpm-Rel-ated- . 
Factf ^pj>. 30-31) 



Family 

Twin 

Sibling, 



Mr 
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Same-Age ' , 



Schemata activated 
in text-processing 

dRigney & Munro, 1977) 



^ Narrative 
Explanation 
Representation 
Prescription 



Sperling-Pardigm- 
Article 




Boats-Sail -On-Lakes 



Volkswagen 



Schemata activated 
in conversation- 
understanding 
(Munro ,^1 $77) 



Conversation 



Di recti ontGiving 



Confirmation- 
, Request 

Landmark-Identify. 

Assertion 

Information-Request ' 



^ 



Schema- theory is a ver^jf powerful system. It is intended to be 
capable of representing 'a1,T the varieties of knowledge that people 
have. In light of the fact that there are at present no adequate 
theories* of human cognitive processes, we believe that a powerful 
theory such as this is called forf Let Occam's Razor apply when 
we have twp adequate theories to choose between". 
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